The incidence rate of tonsillar cancer is increasing worldwide. The current study identifies a parallel increase in the incidence of tonsillar cancer, human papilloma virus (HPV) and p16 expression among a population from northern Sweden, a sparsely populated area, confirming the strong association between p16 and HPV infection in tonsillar tissue. Data from the Swedish Cancer Registry was assessed to identify cases of tonsillar cancer in the northern territorial area of Sweden. HPV DNA was extracted from paraffin embedded diagnostic biopsies and detected by polymerase chain reaction using general primers Gp5+/6+ and CpI/IIG. Expression of p16 was identified by immunochemistry. Patients were grouped into urban or rural residence categories. A total of 214 cases were identified, comprising 155 (72.4%) men and 59 (27.6%) women, and 65 of these patients, who presented between 2000 and 2012, were analyzed. The overall median age for the analyzed patients was 58 years; 48 (74%) were males (median age, 57.5 years) and 17 (26%) were females (median age, 65 years). Of the 65 specimens, 59 (91%) were positive for HPV, and 62 (95%) expressed p16. The incidence of tonsillar cancer in the cohort demonstrated a 2-fold increase between 1990 and 2013; specifically, a 2.7-fold increase was observed in men whilst the female group exhibited only a small increase. These findings demonstrate a strong association between p16 expression and HPV infection in tonsillar malignancies. The incidence of HPV-positive tonsillar cancer has increased in recent years, even in sparsely populated regions, as demonstrated in northern Sweden.
Introduction
Squamous cell carcinoma of the head and neck (HNSCC) is the sixth most common malignancy worldwide, with ~650,000 new cases diagnosed each year (1) . These tumors may originate in the oral cavity, oropharynx, hypopharynx or larynx (2) . The incidence of HNSCC in Sweden is ~1,200 new cases per year (2) , which accounts for 3-4% of all new cancer diagnoses in the country. Worldwide, the incidence is two times higher in men than in women (3) .
Oropharyngeal cancer develops in the base of the tongue and palatine tonsils, the posterior pharyngeal wall and the soft palate. Established predisposing factors include heavy tobacco smoking and alcohol consumption, which appear to act synergistically (4) . Tonsillar cancer is the most common form of oropharyngeal cancer in Sweden (3) . Typical symptoms include swallowing difficulties, unilateral pain in the throat and ear, and lumps in the neck. The incidence of tonsillar cancer appears to have been increasing during recent years, despite a decline in smoking and alcohol consumption. One possible factor contributing to this may be mucosal infection with human papilloma virus (HPV) (5) (6) (7) (8) .
It has been proposed that HPV-positive tonsillar carcinomas should be considered different tumor entities from HPV-negative tonsillar carcinomas, as HPV-positive tumors arise in the tonsillar crypts while the non-HPV-associated form originates from the tonsillar surface (9) . The majority of HPV-positive tonsillar cancers are associated with the high-risk HPV type 16, and this HPV type may be present in ~95% of the HPV-positive cases, whilst other types, such as 18, 31, 33 and 35, are relatively infrequently associated with HNSCC (10) .
Radiotherapy is the optimal and standard treatment option at present, and may be combined with chemotherapy in more advanced cases. To date, curative surgical monotherapy of tonsillar cancer has been unsuccessful. However, recent results using transoral robotic surgery as single modality treatment have demonstrated a potential therapeutic benefit (11, 12) . Certain reports have suggested that HPV-related malignancies have a more favorable prognosis, regardless of the chosen treatment strategy (13) (14) (15) .
Currently, HPV is the most common sexually transmitted disease; however, even the most sensitive DNA tests may fail to detect infections caused by the virus (16) . The recent introduction of vaccination against HPV 16-associated anogenital cancers in non-infected subjects has demonstrated a promising protective effect through the prevention of infection. This approach may have a role in the prevention of specific HPV-subtype-positive head and neck malignancies in the future (17) . The use of HPV vaccines as preventive and therapeutic treatments has been discussed in the literature (18, 19) .
The aim of the current study was first to assess the incidence of tonsillar cancer in northern Sweden, one of western Europe's most sparsely populated regions. Secondly, the study aimed to address the recent incidence in this region compared with reported incidences in densely populated regions. It further aimed to assess the proportion of HPV-associated tonsillar cancers and its surrogate marker, p16, and finally, to determine whether there were variations in the manifestation of the disease associated with urban versus rural areas in the region.
Materials and methods
Patients. The Regional Ethical Review Board of Umeå University (Umeå, Sweden) approved the analysis of paraffin-embedded retrospective samples from the Biobank North (County Council of Västerbotten, Västerbotten, Sweden; approval nos. 2012-276-32M and 2010-277-31M). In addition, study was conducted in accordance with the Declaration of Helsinki (20) .
This retrospective observational study included all consenting patients diagnosed with tonsillar cancer between 1990 and 2013 at the University Hospital of Umeå (Umeå, Sweden). In order to identify cases of tonsillar neoplasms, information was extracted from the Swedish Cancer Registry database (www.socialstyrelsen.se/register/halsodataregister/cancerregistret/inenglish) using the International Classification of Diseases (ICD)-7 code 145.0. The designation 'northern Sweden' was defined as the part of Sweden consisting of the counties Västerbotten, Norrbotten, Västernorrland and Jämtland, which include a total population of 882,563 and ~4 inhabitants per square kilometer. For comparative purposes, data from the Swedish Cancer Registry database regarding the whole Swedish population of ~9.5 million was used (2013).
Pre-treatment tumor samples were collected by biopsy or surgical resection. Paraffin-embedded tumor blocks were retrieved from the archive of the Department of Laboratory Medicine/Pathology at the University Hospital of Umeå. The clinical characteristics of the study population are summarized in Table I. HPV detection by polymerase chain reaction (PCR). DNA was extracted from paraffin-embedded diagnostic biopsies using a QIAamp DNA FFPE Tissue Kit or QIAamp Mini Kit (Qiagen, Inc., Valencia, CA, USA), according to the manufacturer's instructions. A general HPV PCR analysis was run using 100 ng of extracted DNA from each patient and the general primers GP5+/6+, as previously described (21) . The primers were as follows: 5'-TTT GTT ACT GTG GTA GAT ACT AC-3' for GP5+ and 5'-GAA AAA TAA ACT GTA AAT CAT ATT C-3' for GP6+. The 50 µl PCR mixture consisted of 5 µl GeneAmp 10X PCR Gold Buffer, 200 µM of each dNTP (GeneAmp dNTP mix), 3.5 mM MgCl 2 (all from Applied Biosystems Life Technologies, Foster City, CA, USA), 25 pmol of each primer and 1 unit of AmpliTaq Gold DNA Polymerase (Applied Biosystems Life Technologies).
Amplification was performed in a Biometra Professional Thermocycler (Thermo Fisher Scientific, Waltham, MA, USA) and was initiated with denaturation for 4 min at 94˚C, followed by 40 amplification cycles of denaturation at 94˚C for 1 min, annealing at 44˚C for 1 min and elongation at 72˚C for 2 min. The final cycle ended with a prolonged elongation step at 72˚C for 10 min. PCR products were run on a 2.5% agarose gel (SeaKem ® LE Agarose; Lonza, Rockland, ME, USA) in 0.5X Tris/Borate/EDTA-buffer (TBE; 1 L of 10X TBE: 121.1 g tris base, 46 g boric acid and 7.44 g EDTA made up to 1 L with distilled water), stained with 0.5X GelRed (Biotium, Hayward, CA, USA), and visualized under UV-light. Fragments of 130-150 bp were considered positive.
To avoid false negative results due to a disrupted L1 gene, negative samples were run with the general primers CpI/IIG, as described in Smits et al (22) . The primers were as follows: 5'-TTA TCW TAT GCC CAY TGT ACC AT-3' for CpI and 5'-ATG TTA ATW SAG CCW CCA AAA TT-3' for CpIIG. Briefly, the PCR mixture consisted of 5 µl GeneAmp 10X PCR Gold Buffer, 200 µM of each dNTP (GeneAmp dNTP mix), 3 mM MgCl 2 , 17 pmol CpI, 26 pmol CpIIG, 0.5 µl bovine serum albumin and 1 unit of AmpliTaq Gold DNA Polymerase. The amplification consisted of denaturation for 5 min at 94˚C, followed by 40 amplification cycles of denaturation at 95˚C for 1 min, annealing at 55˚C for 1 min and elongation at 72˚C for 2 min. The final cycle ended with a prolonged elongation step at 72˚C for 4 min. Fragments were analyzed as described for the previous PCR analysis, and products of 188 bp were considered positive.
PCR with the GP5+/6+ primers was run at least twice. In cases with weak or divergent results, the PCR was repeated. Additionally, in random cases, a new DNA preparation was used to validate the method.
p16 immunohistochemistry and scoring system. For the detection of p16, staining was performed in a Ventana staining machine (BenchMark ULTRA; Ventana Medical Systems, Tuscon, AZ, USA) according to the supplier's recommendations. An antibody against p16 (monoclonal mouse anti-human; cat. no. sc-56330) from Santa Cruz Biotechnology (Dallas, TX, USA) was used at a dilution of 1:200. Prior to staining, slides were pretreated in Tris-EDTA (10 mM Tris-HCl, 1 mM disodium EDTA; pH 8.0). The antibody was visualized using the Ultraview Universal DAB Detection Kit (Ventana Medical Systems) and staining was observed using a light microscope (BX51; Olympus Corporation, Tokyo, Japan).
The quickscore system was used for scoring the percentage of tumor cells expressing p16 and intensity of staining (23) . The proportion of tumor cells expressing p16 was graded from 1-6: 1, 0-4%; 2, 5-19%; 3, 20-39%; 4, 40-59%; 5, 60-79%; or 6, 80-100%. Staining intensity in turn was divided into 4 grades: 0, negative; 1, weak; 2, intermediate; and 3, strong. By multiplying the score for percentage of tumor cells expressing the protein by the intensity score, a quickscore ranging from 0-18 was determined.
Classification according to place of residence. The code numbers of the biopsy samples were used to identify the personal identification number of each patient and, subsequently, the residence address was extracted through the patients' electronic records system (Systeam Cross; Eskilstuna, Sweden). Subjects were placed into either urban or rural groups depending on the location of their private residence. A Swedish urban area was defined as a residential area with ≥200 inhabitants where the distance between buildings is <200 meters (24) , whilst a rural address was one where the number of local inhabitants was <200 and the distance between houses was ≥200 meters (25) .
Analysis and statistics. The total age-standardized incidence of tonsillar cancer over the period from 1990-2013 was determined using northern Sweden's standard population (2000) and data obtained from the Swedish Cancer Registry. Data regarding the cases of head and neck cancer was extracted from the Swedish Cancer Registry for comparative purposes (2) . The Mann-Whitney U test was used to compare patient ages between different genders and HPV-positive and HPV-negative patients. The χ 2 test was used to investigate any differences in HPV-status between genders. Statistical analysis was performed using SPSS software version 22.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference. Sweden during the same period was 1,978 (9% of all cases in Sweden). Of these patients, 1,297 (65.6%) were men and 681 (34.4%) were women. The number of cases of tonsillar cancer (ICD-7 code 145.0) in northern Sweden between 1990 and 2013 according to the Swedish Cancer Registry was 214, comprising 155 (72.4%) men and 59 (27.6%) women.
Results

Incidence
The total age-standardized incidence of tonsillar cancer in northern Sweden doubled between 1990 and 2013, from 0.69-1.38 per 100,000 individuals. The increase in incidence in men was 2.7-fold (0.83-2.25 per 100,000), while the female incidence increased from 0.46 (1990) to 0.48 (2013) per 100,000 (Table II; Fig. 1 ).
HPV analysis.
A total of 74 biopsy specimens from patients with tonsillar cancer between 2000 and 2012 were identified and obtained from the archives of the Department of Pathology, University Hospital of Umeå. Of these, 4 specimens were excluded as they contained too little or a complete lack of tumor tissue. Additionally, 5 samples were excluded as they were duplicates of patients already included in the database.
Of the 65 remaining specimens (median age, 58 years; mean age, 59.3 years; range, 45-87 years), 48 (74%) were males (median age, 57.5 years; mean, 57.6 years; range, 45-74 years) and 17 (26%) were females (median age, 65 years; mean, 64.1 years; range, 45-87 years). Age was significantly higher among female subjects compared with male subjects (U test, P= 0.016).
HPV DNA was detected in 59 (91%) of the 65 biopsy specimens, while the remaining 6 samples (9%) were HPV-negative. There was no difference when comparing the variable of age between the HPV-positive and HPV-negative samples (P= 0.856, U test). A χ 2 test identified no association between HPV-status and gender (P= 0.179). In the HPV-positive cohort, there was a male dominance [3:1; 45 males (76%) vs. 14 females (24%)], whilst an equal proportion of males and females (1:1) was observed in the HPV-negative cohort. When comparing gender and age in the HPV-positive cohort, age was significantly higher in females compared with in males (U test, P= 0.006).
p16 expression. Expression of p16 was scored in all 65 samples, with 62 samples (95%) positive for the p16 marker and 3 (5%) negative (Fig 2) . Of the p16-positive samples, 7 (11%) received the highest score of 18 points, 49 (79%) a score of 12 (intermediate intensity) and 6 samples (10%) received 2-6 points.
Classification according to residence. The patients' residence area at the time of diagnosis indicated that the vast majority (64 patients, 98.5%) were living in urban areas, while only 1 patient (1.5%) resided in a rural area. This difference is due to the overall populations of these areas.
Discussion
The aims of the current study were to investigate the proportion of p16-positive cases of HPV-related tonsillar cancer, to study the incidence of tonsillar cancer in the sparsely populated region of northern Sweden, and to examine whether this increasing trend is parallel to the incidence observed in other, more densely populated areas.
A 2-fold increase in cases of HPV-positive tonsillar cancer was observed during the analyzed period of 23-years (1990-2013) , preferentially in male patients. Hammarstedt et al (5) reported a fold increase in tonsillar cancer incidence in the urban region of Stockholm of 2.8 (2.6 in men and 3.5 in women), while smoking had decreased in Sweden during the same period (26) . In the current findings, the increased incidence of tonsillar cancer was observed only in the male group. The reason for this disparity is unclear, although the present study included sampling from a more recent period of 11 years. Another factor may be the relatively recent knowledge and treatment patterns related to HPV 16 as a causative agent of cervical cancer.
The findings demonstrating no recent change in the incidence of tonsillar cancer in women in this region may be an indication of the differences in HPV exposure and susceptibility between sparsely populated and densely populated areas. This issue has not been examined to date. The increased incidence of HPV-related tonsillar cancer in males has been described in a study examining ethnic perspectives (27) , in which a recent decline in incidence rates of tonsillar cancer was also observed for both white and black females aged 40-64 years in the USA. Hence, HPV infection in the oropharynx may be an explanation for at least part of the increase in the incidence of tonsillar cancer in men. Another possible explanation may be the traditional risk 
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factors of alcohol and smoking found in the male population in northern Sweden, which could have a synergistic effect with the HPV virus. At present, <20% of Swedish men smoke tobacco. The significantly lower mean age of the males in the current sample and, in particular, the lower mean age of the male HPV-related cases, may be an indicator of an altered sexual behavior and consequent frequent HPV contamination among men in northern Sweden.
Hammarstedt et al (28) reported that patients with HPV-positive tonsillar malignancies were younger (median age, 55 years) compared with patients with HPV-negative disease, and no similar difference regarding other oral cancers could be identified. This finding could not be confirmed in the current data due to the limited number of cases of HPV-negative tonsillar cancer.
The present results revealed that 91% of the cases of tonsillar cancer were HPV-positive. A similarly high proportion of HPV-positive cases of tonsillar cancer in Sweden has been reported by Näsman et al (29) , who identified an increase from 68% (2000) (2001) (2002) to 93% (2006-2007) (29) . In general, HPV DNA has been reported to be detected in 45-100% of tonsillar cancer cases (30) . It is possible that the cohorts with a lower proportion of HPV-positive cases are less recent, and this could indicate that the numbers of HPV-related tonsillar cancer are increased in more current published data due to the more reliable diagnostic methods available.
Differences in HPV-related tonsillar malignancies have been observed not only between urban and rural areas in Sweden, but also in other countries. Blomberg et al (7) described an increased incidence rate of HPV related tonsillar cancer between 1978 and 2007 in Denmark, while the incidence of non-HPV-associated HNSCC decreased in men, but remained unchanged in the female group. Another study of patterns of tonsillar cancer in South-eastern England, comparing the years 1987 and 2006, revealed an incidence of tonsillar cancer increasing from 0.600-1.45 per 100,000 among men (40-59 years), a lower age at diagnosis and an increase in median survival time (8) . Similar studies have been performed in the USA and Finland, demonstrating a rising incidence of tonsillar cancer during the last decades (27, 31) .
Overexpression of p16 was observed in the present tumor specimens, confirming the results of a number of previous studies (4, (32) (33) (34) (35) (36) , as well as demonstrating the strong association between p16 and HPV-infection in tonsillar carcinomas. The majority of these specimens exhibited p16 expression of medium intensity, while a further 11% showed strong p16 expression.
In the last decade, a number of studies have reported the prognostic value of HPV and p16 analysis in HNSCC in general and in tonsillar cancer in particular. It has been confirmed that patients with HPV-associated tumors in the tonsillar region have a better prognosis compared with patients with HPV-negative tumors in terms of locoregional control and overall survival, regardless of treatment modality (4, 14, 15) . Nichols et al (13) reported that patients with HPV-related tumors are younger and have smaller primary-site tumors and a more favorable survival rates compared with those with HPV-negative tumors. The overexpression of p16 is highly associated with HPV infection, and this may be used clinically as a surrogate marker and a prognostic guide of the disease.
Large and often cystic lymph node involvement, along with clinically advanced stage (III-IV), are also associated with HPV-positive tumors (35, 37) .
The favorable prognosis associated with HPV positivity in tonsillar cancers has been studied by Lindquist et al (35) , who reported an increased disease-specific survival rate in patients with HPV-associated tonsillar cancer (81%) compared with patients with HPV-negative tumors (36%), regardless of age, gender or tumor stage. These findings have been further supported by Fischer et al (36) , who reported that the 5-year survival rate of patients with p16-positive oropharyngeal cancer of stages III-IV was nearly as good as for those with tumors of stages I-II. The prognostic value of p16 in the outcome of HPV-positive tonsillar neoplasms was also addressed. Cases with p16-positive tumors in the advanced stages (III-IV) had a 5-year survival of 54.1%, compared to 18% for those with p16-negative tumors. Regardless of tumor stage, p16-positive cases had a 5-year survival rate of 59.3% compared to 24.5% for the p16-negative cases (36) . Results from the Danish DAHANCA 5 study revealed that p16-positive HNSCCs were associated with improved locoregional tumor control (58% vs. 28%) and increased disease-specific (72% vs. 34%) and overall (62% vs. 26%) survival rates compared with p16-negative tumors (38) . The detection of p16 and HPV may therefore be an important tool as part of a comprehensive strategy to develop personalized treatment for tonsillar cancer.
Despite these findings, many current recommendations for the treatment of HPV-positive tonsillar tumors do not differ from those for HPV-negative tumors (39) . Certain investigators have questioned the need for aggressive treatments for patients with HPV-positive tonsillar cancer, which has now been found to be associated with a better prognosis and is often observed in younger and healthier groups (4, 39) . The risks and benefits of aggressive chemoradiotherapy and surgery must be considered carefully. Current research is now focused on the de-escalation of treatment modalities for the HPV-related cases and emphasizes the introduction of a number of prognostic markers in order to identify such patients in the pre-treatment stage (4, 38) .
At present, there is a lack of clear evidence regarding the biological basis behind the differences in survival and prognosis between HPV-associated and HPV-negative malignancies. A possible explanation may be that the different molecular profile in patients with HPV-and p16-positive tumors constitutes a distinct subset of tonsillar malignancies (34) . In addition, it is also reasonable to speculate that a younger, non-smoking cohort is associated with a reduced rate of co-morbidity and, therefore, improved non-cancer-related outcomes.
The route of transmission of HPV infection in oral carcinomas remains unclear. Much speculation has occurred regarding possible sexual transmission. The increasing evidence of tonsillar cancer during the last decades has been associated with a significant change in sexual habits, and HPV is currently considered to be the most common sexually transmitted infection (16) . This issue has been studied by Hemminki et al (40) , with results indicating that the husbands of patients with cervical cancer have a higher risk of tonsillar and tongue-based malignancies. Hence, the prophylactic vaccination of women may also lead to decreased rates of oral HPV infection in the male population. The numbers of HPV infections in the oral cavity and, subsequently, HPV-associated tonsillar tumors are expected to surpass the rate of cervical malignancies by 2020, and this fact highlights the importance of vaccinating both genders in the future as a preventive measure against tonsillar cancer (41) .
In summary, the present study identified incidences of HPV-positive and p16-expressing tonsillar cancers in men from northern Sweden that were similar to those already reported for Swedish urban populations, as well as populations outside of Sweden. This study may provide a basis for future projects investigating the prognosis of tonsillar carcinomas. Further investigation into the biological mechanisms of the improved survival and prognosis associated with the HPV-positive tonsillar cancers is warranted. Furthermore, it may be beneficial to evaluate the role and effect of HPV vaccination as a prophylactic measure against tonsillar and oral cancer, and the necessity for introducing vaccination strategies to the male population.
